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(57) ABSTRACT

A communication light detecting structure includes a com-
munication optical fiber configured to transmit communica-
tion light; a leakage optical fiber optically connected to the
middle of the communication optical fiber via optical con-
nection portions, the leakage optical fiber being different in
core refractive index from the communication optical fiber;
and a light detecting unit configured to detect part of the
communication light leaking from the optical connection por-
tions as leakage light. A communication light detecting opti-
cal connector includes the communication light detecting
structure. A communication light detecting optical cable
includes the communication light detecting structure. The
communication optical fiber and the leakage optical fiber may
have the same core diameter. The communication optical
fiber and the leakage optical fiber may have the same cladding
refractive index.

20 Claims, 4 Drawing Sheets
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1
COMMUNICATION LIGHT DETECTING
STRUCTURE, COMMUNICATION LIGHT
DETECTING OPTICAL CONNECTOR
INCLUDING THE COMMUNICATION LIGHT
DETECTING STRUCTURE, AND
COMMUNICATION LIGHT DETECTING
OPTICAL CABLE INCLUDING THE
COMMUNICATION LIGHT DETECTING
STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a communication light
detecting structure capable of enabling the user to visually
check the state of communication in a communication optical
fiber, a communication light detecting optical connector
including the communication light detecting structure, and a
communication light detecting optical cable including the
communication light detecting structure.

2. Description of the Related Art

In optical communication related facilities, such as data
centers and stations, communication light transmitted
through a communication optical fiber is often invisible light
outside the visible light range. This means that the user cannot
visually check the state of communication in the communi-
cation optical fiber.

Therefore, the communication optical fiber in use may be
erroneously identified as not being in use, and an optical
connector optically connected to the middle of the commu-
nication optical fiber may be removed by mistake. This may
lead to serious failures in communication.

Techniques have been developed, which are capable of
detecting the presence of communication light transmitted
through a communication optical fiber without interrupting
the communication, and are capable of enabling the user to
visually check the state of communication in the communi-
cation optical fiber.

For example, there is a proposed technique in which a light
transmissive resin, such as a refractive index matching agent,
is charged into a gap in the middle of a communication optical
fiber. Part of communication light scattered by the light trans-
missive resin is detected as leakage light by a light receiving
element or the like, and the detected leakage light is converted
to visible light. This enables the user to visually check the
state of communication (see, e.g., Japanese Patent No.
4927028).

However, the amount of leakage light may be changed by
entry of air bubbles during charging of the light transmissive
resin, or by changes in refractive index of the light transmis-
sive resin with changing environmental temperature. This
results in significant product-to-product variations, and it is
difficult to maintain a stable amount of leakage light over a
long period of time.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to pro-
vide a communication light detecting structure that can
achieve reduced product-to-product variations and maintain a
stable amount of leakage light over a long period of time, a
communication light detecting optical connector that
includes the communication light detecting structure, and a
communication light detecting optical cable that includes the
communication light detecting structure.

The present invention made to achieve the object described
above provides a communication light detecting structure that
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includes acommunication optical fiber configured to transmit
communication light; a leakage optical fiber optically con-
nected to the middle of the communication optical fiber via
optical connection portions, the leakage optical fiber being
different in core refractive index from the communication
optical fiber; and a light detecting unit configured to detect
part of the communication light leaking from the optical
connection portions.

The leakage optical fiber may have a length of 1 mm or
more.

The communication optical fiber and the leakage optical
fiber may have the same core diameter.

The communication optical fiber and the leakage optical
fiber may have the same cladding refractive index.

The optical connection portions may each be formed by a
fusion portion where the communication optical fiber and the
leakage optical fiber are fused together.

The optical connection portions may each be formed by a
butt portion where the communication optical fiber and the
leakage optical fiber are butted against each other.

The communication optical fiber and the leakage optical
fiber may be formed as a single optical fiber.

The communication light detecting structure may further
include a protective member configured to cover the optical
connection portions.

The communication light detecting structure may further
include a reinforcing member configured to reinforce the
optical connection portions.

The present invention also provides a communication light
detecting optical connector including the communication
light detecting structure.

The present invention also provides a communication light
detecting optical cable including the communication light
detecting structure.

According to the present invention, it is possible to provide
a communication light detecting structure that can achieve
reduced product-to-product variations and maintain a stable
amount of leakage light over a long period of time, a commu-
nication light detecting optical connector that includes the
communication light detecting structure, and a communica-
tion light detecting optical cable that includes the communi-
cation light detecting structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional schematic view of a communi-
cation light detecting structure according to an embodiment
of the present invention.

FIG. 2 illustrates how the amount of leakage light is dis-
tributed in the communication light detecting structure illus-
trated in FIG. 1.

FIG. 3 is a cross-sectional schematic view of a modifica-
tion of the communication light detecting structure illustrated
in FIG. 1.

FIG. 4 illustrates a relationship between the length of a
leakage optical fiber and the amount of leakage light.

FIG. 5 is a cross-sectional schematic view of a communi-
cation light detecting optical connector including the com-
munication light detecting structure illustrated in FIG. 1.

FIG. 6 is a cross-sectional schematic view of a modifica-
tion of the communication light detecting optical connector
illustrated in FIG. 5.

FIG. 7 is a cross-sectional schematic view of a communi-
cation light detecting optical cable including the communi-
cation light detecting structure illustrated in FIG. 1.
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FIG. 8 is a general perspective view of the communication
light detecting optical cable illustrated in FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will now
be described with reference to the attached drawings.

As illustrated in FIG. 1, a communication light detecting
structure 10 according to the present embodiment includes a
communication optical fiber 11 configured to transmit com-
munication light; a leakage optical fiber 13 optically con-
nected to the middle of the communication optical fiber 11 via
optical connection portions 12, the leakage optical fiber 13
being different in core refractive index from the communica-
tion optical fiber 11; and a light detecting unit 15 configured
to detect part of the communication light leaking from the
optical connection portions 12 as leakage light 14.

The communication optical fiber 11 includes a core 16 and
acladding 17. The core 16 is made, for example, of a material
mainly composed of quartz, and is configured to transmit
communication light. The cladding 17 is formed around the
core 16, and has a refractive index lower than that of the core
16.

The communication optical fiber 11 is an optical transmis-
sion line configured to transmit communication light while
allowing it to reflect off an interface between the core 16 and
the cladding 17 and keeping it inside the core 16. The com-
munication optical fiber 11 is formed, for example, by a
typical single-mode or multi-mode optical fiber.

In the present embodiment, a graded-index multi-mode
optical fiber is used as the communication optical fiber 11.
The communication optical fiber 11 is optically connected at
one end thereof to a server computer, and optically connected
at the other end thereof to a client computer.

The optical connection portions 12 may each be formed by
a butt portion where the communication optical fiber 11 and
the leakage optical fiber 13 are butted against each other, but
are each preferably formed by a fusion portion where the
communication optical fiber 11 and the leakage optical fiber
13 are fused together. Using the optical connection portions
12 each formed by a butt portion requires an operation, such
as end-face grinding, in consideration of an increase in con-
nection loss caused by reflection of light or the like. In the
case of using the optical connection portions 12 each formed
by a fusion portion, it is possible to realize optical connection
with little connection loss, simply by fusing the leakage opti-
cal fiber 13 in the middle of the communication optical fiber
11 cut by an optical fiber cutter. Therefore, using the optical
connection portions 12 each formed by a fusion portion is
preferable in terms of work efficiency and connection reli-
ability.

However, this does not completely exclude the possibility
of using the optical connection portions 12 one or each of
which is formed by a butt portion. That is, one of the two
optical connection portions 12 may be formed by a fusion
portion and the other optical connection portion 12 may be
formed by a butt portion, or the two optical connection por-
tions 12 may each be formed by a butt portion.

The leakage optical fiber 13 includes a core 18 and a
cladding 19. The core 18 is made, for example, of a material
mainly composed of quartz, and is configured to transmit
communication light. The cladding 19 is formed around the
core 18, and has a refractive index lower than that of the core
18.

The leakage optical fiber 13 is an optical transmission line
configured to transmit communication light while allowing it
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to reflect oftf an interface between the core 18 and the cladding
19 and keeping it inside the core 18. The leakage optical fiber
13 is formed, for example, by a typical single-mode or multi-
mode optical fiber.

In the present embodiment, a graded-index multi-mode
optical fiber is used as the leakage optical fiber 13. A relative
refractive index difference between the core 18 and the clad-
ding 19 of the leakage optical fiber 13 is greater than that
between the core 16 and the cladding 17 of the communica-
tion optical fiber 11.

The communication optical fiber 11 and the leakage optical
fiber 13 preferably have the same core diameter. This is
because if the communication optical fiber 11 and the leakage
optical fiber 13 have different core diameters, the number of
parameters to be considered in setting the amount of the
leakage light 14 is increased, and this makes the design task
difficult.

Also, the communication optical fiber 11 and the leakage
optical fiber 13 preferably have the same cladding diameter.
This is because since ferrules of the same size can be used to
hold the communication optical fiber 11 and the leakage
optical fiber 13, the ferrules can be easily handled and the
associated costs can be reduced.

Additionally, the claddings 17 and 19 of the communica-
tion optical fiber 11 and the leakage optical fiber 13 preferably
have the same refractive index. This is because claddings of
commonly available optical fibers often have a predetermined
refractive index. Even in the case of manufacturing the com-
munication optical fiber 11 and the leakage optical fiber 13
instead of using commonly available ones, since the clad-
dings 17 and 19 having the same refractive index can be
formed under the same conditions, it is possible to reduce the
cost of manufacturing the communication optical fiber 11 and
the leakage optical fiber 13.

Thatis, the communication optical fiber 11 and the leakage
optical fiber 13 have the same configuration except that the
cores 16 and 18 have different refractive indices.

The communication optical fiber 11 and the leakage optical
fiber 13 are formed by different optical fibers in the embodi-
ment described above. Alternatively, the communication
optical fiber 11 and the leakage optical fiber 13 may be
formed as a single optical fiber which is partially heated to
partially change the core refractive index.

The light detecting unit 15 includes a light receiving ele-
ment, such as a photodiode, and a light emitting element
(communication state indication lamp), such as a light emit-
ting diode, from which the leakage light 14 received by the
light receiving element is output as visible light. The light
detecting unit 15 is preferably placed at a position where a
large amount of the leakage light 14 emerges. This is to
achieve a high level of sensitivity while reducing the loss of
communication light.

A large amount of the leakage light 14 emerges when
communication light is transmitted from a core having a high
refractive index to a core having a low refractive index. In the
present embodiment where the refractive index of the core 18
of the leakage optical fiber 13 is higher than the refractive
index of the core 16 of the communication optical fiber 11, the
amount of the leakage light 14 is distributed as illustrated in
FIG. 2.

For the communication light propagating from the left to
right (as indicated by a solid arrow) in FIG. 2, the amount of
the leakage light 14 reaches a maximum at the optical con-
nection portion 12 on the right in FIG. 2. For the communi-
cation light propagating from the right to left (as indicated by
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a dashed arrow) in FIG. 2, the amount of the leakage light 14
reaches a maximum at the optical connection portion 12 on
the left in FIG. 2.

A length L of the leakage optical fiber 13 is decreased to
shift each position of the maximum amount of the leakage
light 14, in the right-to-left direction in FIG. 2, such that an
intersection point A of the distributions of the amount of the
leakage light 14 at the optical connection portions 12 on the
right and left in FIG. 2 has a value that can be detected at least
by the light detecting unit 15, and such that the value of the
intersection point A is maximized. At the same time, the light
detecting unit 15 is placed above the intersection point A.
Thus, when the communication light propagates in either
direction, the presence of the communication light can be
detected by the single light detecting unit 15.

Alternatively, as illustrated in FIG. 3, the length L of the
leakage optical fiber 13 may be increased such that there is
little overlap between the distributions of the amount of the
leakage light 14 at the optical connection portions 12 on the
right and left in FIG. 2. At the same time, light detecting units
15 may be placed above the respective optical connection
portions 12 on the right and left in FIG. 2. This makes it
possible to detect not only the presence of communication
light, but also the direction of the communication light.

Specifically, the light detecting unit 15 placed above the
optical connection portion 12 on the right in FIG. 3 detects the
presence of only the communication light propagating from
the left to right in FIG. 3, and the light detecting unit 15 placed
above the optical connection portion 12 on the left in FIG. 3
detects the presence of only the communication light propa-
gating from the right to left in FIG. 3. Therefore, by checking
which of the light detecting units 15 is detecting the leakage
light 14, it is possible to detect not only the presence of
communication light, but also the direction of the communi-
cation light.

Varying the length L of the leakage optical fiber 13 makes
it possible not only to shift the position at which the amount
of the leakage light 14 reaches a maximum, but also to peri-
odically change the maximum value of the amount of the
leakage light 14.

Additionally, by varying the refractive index of the core 18
of'the leakage optical fiber 13, that is, by varying the relation-
ship between the refractive indices of the cores 16 and 18 of
the communication optical fiber 11 and the leakage optical
fiber 13, it is possible to shift the phase of the maximum value
of the amount of the leakage light 14.

For example, as illustrated in FIG. 4, when the refractive
index of the core 18 of the leakage optical fiber 13 is set to a
predetermined refractive index n,, the amount of the leakage
light 14 is maximized by setting the length L. of the leakage
optical fiber 13 to 1 mm, 3 mm, 5 mm, etc., and the amount of
the leakage light 14 is minimized by setting the length I of the
leakage optical fiber 13 to 2 mm, 4 mm, etc.

On the other hand, as illustrated in FIG. 4, when the refrac-
tive index of the core 18 of the leakage optical fiber 13 is set
to a predetermined refractive index n,, the amount of the
leakage light 14 is maximized by setting the length LL of the
leakage optical fiber 13 to 2 mm, 4 mm, etc., and the amount
of'the leakage light 14 is minimized by setting the length L of
the leakage optical fiber 13 to 1 mm, 3 mm, 5 mm, etc.

In the region where the length I of the leakage optical fiber
13 is less than 1 mm, the distance between the two optical
connection portions 12 is too small, so that the leakage light
14 from one of the optical connection portions 12 may enter
the communication optical fiber 11 through the other of the
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optical connection portions 12. This may adversely affect the
communication light transmitted through the communication
optical fiber 11.

If the two optical connection portions 12 are each formed
by a fusion portion and the length L. of the leakage optical
fiber 13 is less than 1 mm, the distance between the fusion
portions is too small, so that the entire leakage optical fiber 13
is heated twice during fusion. This may significantly change
the refractive index distribution of the leakage optical fiber 13
(between the optical connection portions 12), and may further
adversely affect the communication light transmitted through
the leakage optical fiber 13 or the communication light that
enters the leakage optical fiber 13 from the communication
optical fiber 11.

For the reasons described above, the region where the
length L. of the leakage optical fiber 13 is less than 1 mm is
deemed to be an unstable region and hence omitted in FIG. 4.

To completely eliminate the adverse effects described
above and prevent an increase in transmission loss, the length
L of the leakage optical fiber 13 is preferably at least 1 mm,
and more preferably 2 mm or more.

The upper limit of the length I of the leakage optical fiber
13 may be set, for example, such that when the communica-
tion light detecting structure 10 is applied to a communication
light detecting optical connector 50 (described below), the
size of the communication light detecting optical connector
50 does not exceed that of an optical connector of related art
(e.g., the upper limit of the length I may be 9 mm or less).

As described above, adjusting the length L of the leakage
optical fiber 13 can control the amount of the leakage light 14.
Therefore, the amount of the leakage light 14 can be easily
designed to suit the application of the communication light
detecting structure 10. For example, when a low-sensitivity,
low-cost light receiving element is used as the light detecting
unit 15 and an increase in transmission loss can be tolerated to
a certain degree, the amount of the leakage light 14 can be
designed to be maximized by adjusting the length of the
leakage optical fiber 13.

Also, simply by varying the relationship between the
refractive indices of the cores 16 and 18 of the communica-
tion optical fiber 11 and the leakage optical fiber 13, or by
varying the length I of the leakage optical fiber 13 depending
on the required characteristics, the amount of the leakage
light 14 can be accurately controlled to a design value.

Unlike the light transmissive resin described above, the
leakage optical fiber 13 suffers little degradation over time.
Therefore, the communication light detecting structure 10
can maintain a stable amount of the leakage light 14 over a
long period of time.

As described above, the light transmissive resin is not used
to manufacture the communication light detecting structure
10 of the present embodiment. Therefore, the amount of
leakage light is not changed either by entry of air bubbles
during charging of the light transmissive resin, or by changes
in refractive index of the light transmissive resin with chang-
ing environmental temperature. It is thus possible to reduce
product-to-product variations and maintain a stable amount
of leakage light over a long period of time.

Applications of the communication light detecting struc-
ture 10 will now be described.

A first application is the communication light detecting
optical connector 50 illustrated in FIG. 5. The communica-
tion light detecting optical connector 50 is configured to
optically connect a server-computer-side optical fiber 11a
and a client-computer-side optical fiber 115 forming the com-
munication optical fiber 11, extract part of the communica-
tion light as the leakage light 14, allow the leakage light 14 to
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be detected by the light detecting unit 15, and enable the user
to visually check the presence of the communication light.

In the communication light detecting optical connector 50,
the leakage optical fiber 13 is optically connected to the
middle of the server-computer-side optical fiber 11a via the
optical connection portions 12 each formed by a fusion por-
tion.

An end portion of the server-computer-side optical fiber
11a is contained in a ferrule 51, and an end portion of the
client-computer-side optical fiber 115 is contained in a ferrule
52.

The ferrules 51 and 52 are made of a material (e.g., zirco-
nia) transparent to communication light. Opposite end faces
of the ferrules 51 and 52 are in physical contact (PC) with
each other to allow the server-computer-side optical fiber 11a
and the client-computer-side optical fiber 115 to be optically
connected to each other. Therefore, the end faces of the fer-
rules 51 and 52 are ground to form the PC end faces.

To make the optical axis of the server-computer-side opti-
cal fiber 11a coincide with that of the client-computer-side
optical fiber 115, the ferrules 51 and 52 are contained in a split
sleeve 53 which is also made of a material (e.g., zirconia)
transparent to communication light.

The light detecting unit 15 is preferably configured sepa-
rately from, and removably attached to, the communication
light detecting optical connector 50. This is because this can
reduce the size of the communication light detecting optical
connector 50, enable the shared use of the single light detect-
ing unit 15 among a plurality of communication light detect-
ing optical connectors 50, and thus make a significant contri-
bution to reduced costs.

Each of the components described above may be contained
in a dust-proof, moisture-proof case to reduce the impact of
dust and moisture.

In the communication light detecting optical connector 50
described above, the leakage optical fiber 13 is optically
connected to the middle of the server-computer-side optical
fiber 11a via the optical connection portions 12 each formed
by a fusion portion. Alternatively, as illustrated in FIG. 6, the
leakage optical fiber 13 may be optically connected to the end
portion of the server-computer-side optical fiber 11a via the
optical connection portion 12 formed by a fusion portion, and
optically connected to the client-computer-side optical fiber
1154 via the optical connection portion 12 formed by a butt
portion.

However, in view of the possibility that the amount of the
leakage light 14 may vary from one product to another, it is
more preferable that the optical connection portions 12 be
each formed by a fusion portion, as in the communication
light detecting optical connector 50 described above.

Before insertion or removal of the communication light
detecting optical connector 50, the user can visually check the
state of communication in the communication optical fiber
11. Therefore, the communication optical fiber 11 in use is
very unlikely to be erroneously identified as not being in use,
and it is possible to avoid serious communication failures
caused by human error.

A second application is a communication light detecting
optical cable 70 illustrated in FIG. 7. As illustrated, the com-
munication light detecting optical cable 70 includes the com-
munication optical fiber 11 configured to optically connect
one device to another, extracts part of the communication
light as the leakage light 14 from the communication optical
fiber 11, allows the leakage light 14 to be detected by the light
detecting unit 15, and enables the user to visually check the
presence of the communication light.
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In the communication light detecting optical cable 70, the
periphery of the communication optical fiber 11, except the
optical connection portions 12 and their surrounding area, is
coated with a coating layer 71 and a optical cord sheath 72.
The optical connection portions 12 are each formed by a
fusion portion.

The communication light detecting optical cable 70 pref-
erably further includes a protective member 73 configured to
cover the optical connection portions 12, and a reinforcing
member 74 configured to reinforce the optical connection
portions 12. This is because since the optical connection
portions 12 each formed by a fusion portion have a mechani-
cal strength lower than that of other parts, it is necessary to
protect and reinforce the optical connection portions 12.

The protective member 73 is preferably formed by a heat-
shrinkable sleeve that covers the optical connection portions
12 and is transparent to the leakage light 14. This is because
covering the entire optical connection portions 12 with the
protective member 73 formed by a heat-shrinkable sleeve can
facilitate protection of the optical connection portions 12.

The reinforcing member 74 is formed by a metal plate
disposed along the optical connection portions 12 so as not to
block the leakage light 14 toward the light detecting unit 15.
When the reinforcing member 74 is made of a material trans-
parent to the leakage light 14, the position of the reinforcing
member 74 is not particularly limited.

Each of the components described above may be contained
in a dust-proof, moisture-proof case 75 to reduce the impact
of dust and moisture. The case 75 is preferably made of a
material transparent to the leakage light 14, and if not, the
case 75 needs to have an output port (not shown) for extrac-
tion of the leakage light 14.

In the communication light detecting optical cable 70, the
presence and direction of communication light can be
detected at an optical cord portion 82 smaller in size than an
optical connector portion 81 as illustrated in FIG. 8. It is thus
possible to avoid a detecting operation at the optical connec-
tor portion 81 dense with components, and possible to effi-
ciently carry out a detecting operation in an area where optical
cord portions 82 are bundled together.

As described above, according to the embodiments of the
present invention, it is possible to provide a communication
light detecting structure that can achieve reduced product-to-
product variations and maintain a stable amount of leakage
light over along period oftime, a communication light detect-
ing optical connector that includes the communication light
detecting structure, and a communication light detecting opti-
cal cable that includes the communication light detecting
structure.

What is claimed is:

1. A communication light detecting structure comprising:

a communication optical fiber configured to transmit com-
munication light;

a leakage optical fiber optically connected to the middle of
the communication optical fiber via optical connection
portions, the leakage optical fiber being different in core
refractive index from the communication optical fiber;
and

a light detecting unit configured to detect part of the com-
munication light leaking from the optical connection
portions,

wherein the communication optical fiber includes a first
optical fiber and a second optical fiber,

wherein the optical connection portions include:

a first fusion portion where the first optical fiber and the
leakage optical fiber are fused together; and
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a second fusion portion where the leakage optical fiber
and the second optical fiber are fused together, and
wherein the leakage optical fiber has a length of 1 mm or
more.

2. The communication light detecting structure according
to claim 1, wherein the communication optical fiber and the
leakage optical fiber have a same core diameter.

3. The communication light detecting structure according
to claim 1, wherein the communication optical fiber and the
leakage optical fiber have the same cladding refractive index.

4. The communication light detecting structure according
to claim 1, wherein the communication optical fiber and the
leakage optical fiber comprise a single optical fiber.

5. The communication light detecting structure according
to claim 1, further comprising a protective member config-
ured to cover the optical connection portions.

6. The communication light detecting structure according
to claim 1, further comprising a reinforcing member config-
ured to reinforce the optical connection portions.

7. A communication light detecting optical connector com-
prising the communication light detecting structure accord-
ing to claim 1.

8. A communication light detecting optical cable compris-
ing the communication light detecting structure according to
claim 1.

9. The communication light detecting structure according
to claim 1, wherein the leakage optical fiber is positioned
between the first fusion portion and the second fusion portion
and has the length of 1 mm or more, thereby preventing
transmitted and/or entered communication light from being
affected.

10. The communication light detecting structure according
to claim 9, wherein the communication optical fiber is once
spliced.

11. The communication light detecting structure according
to claim 1, wherein the communication optical fiber is once
spliced.

12. The communication light detecting structure according
to claim 1, wherein the leakage optical fiber includes a first
optical fiber and a second optical fiber.

13. The communication light detecting structure according
to claim 12, wherein the first fusion portion fuses together the
first optical fiber of the leakage optical fiber and the first
optical fiber of the communication optical fiber.

14. The communication light detecting structure according
to claim 12, wherein the first fusion portion fuses together the
first optical fiber of the leakage optical fiber and the first
optical fiber of the communication optical fiber, and

wherein the second fusion portion fuses together the sec-

ond optical fiber of the leakage optical fiber and the
second optical fiber of the communication optical fiber.

15. The communication light detecting structure according
to claim 12, wherein the first optical fiber of the leakage
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optical fiber and the first optical fiber of the communication
optical fiber have a same diameter.

16. The communication light detecting structure according
to claim 12, wherein the second optical fiber of the leakage
optical fiber and the second optical fiber of the communica-
tion optical fiber have a same diameter.

17. The communication light detecting structure according
to claim 1, wherein the leakage optical fiber includes a first
optical fiber and a second optical fiber,

wherein the first fusion portion fuses together the first
optical fiber of the leakage optical fiber and the first
optical fiber of the communication optical fiber,

wherein the second fusion portion fuses together the sec-
ond optical fiber of the leakage optical fiber and the
second optical fiber of the communication optical fiber,

wherein the first optical fiber of the leakage optical fiber
and the first optical fiber of the communication optical
fiber have a same diameter, and

wherein the second optical fiber of the leakage optical fiber
and the second optical fiber of the communication opti-
cal fiber have a same diameter.

18. The communication light detecting structure according
to claim 1, wherein the light detecting unit is disposed
between the first fusion portion and the second fusion portion.

19. The communication light detecting structure according
to claim 1, further comprising a second light detecting unit,

wherein a substantial center of the light detecting unit is
disposed above the first fusion portion, and

wherein a substantial center of the second light detecting
unit is disposed above the second fusion portion.

20. A communication light detecting structure comprising:

a communication optical fiber configured to transmit com-
munication light;

a leakage optical fiber optically connected to the commu-
nication optical fiber via optical connection portions, the
leakage optical fiber being different in core refractive
index from the communication optical fiber; and

a plurality of light detecting units configured to detect part
of the communication light leaking from the optical
connection portions,

wherein the communication optical fiber includes a first
optical fiber and a second optical fiber,

wherein the optical connection portions include:

a first fusion portion where the first optical fiber and the
leakage optical fiber are fused together; and
a second fusion portion where the leakage optical fiber
and the second optical fiber are fused together, and
wherein a substantial center of a first light detecting unit of
the plurality of light detecting units is disposed above the
first fusion portion, and

wherein a substantial center of a second light detecting unit
of the plurality of light detecting units is disposed above
the second fusion portion.
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